Background: We performed a systematic review of the efficacy of various types of acupuncture in the treatment of asthma in children. Methods: We searched the MEDLINE, Embase, and Cochrane Library databases up to October 20, 2014. Randomized controlled trials (RCTs) of children and adolescents (<18 years of age) with asthma were included. Data extraction was applied, and methodologic quality was assessed. Results: A total of 32 articles were assessed for eligibility, and seven studies comprising 410 patients were included in the systematic review. Two RCTs showed significant improvement in peak expiratory flow (PEF) variability for acupuncture (traditional and laser) vs. control, with one showing significant improvement in asthma-specific anxiety level, but no significant differences in other lung function parameters or quality of life. Another RCT reported significant benefits of laser acupuncture on lung function parameters but did not describe or report statistical analyses. One crossover RCT showed significant improvements in response to both acupuncture and placebo acupuncture, with better improvements with acupuncture compared to placebo acupuncture (forced exhaled volume in 1 s [FEV 1 ], PEF). Two additional crossover RCTs showed no significant differences between single sessions of laser acupuncture and placebo acupuncture on baseline, postacupuncture, and postinduced bronchoconstriction values (% predicted FEV 1 , maximum expiratory flow). A recent study showed a significant effect of acupuncture paired with acupressure on medication use and symptoms in preschool-age children. Methodologic and reporting variability remains an issue. However, the results suggest that acupuncture may have a beneficial effect on PEF or PEF variability in children with asthma. Conclusions: The efficacy of acupuncture on other outcome measures is unclear. Large-scale RCTs are needed to further assess the efficacy of acupuncture in the treatment of asthma in children.
Background
Asthma is a common inflammatory disease in children as well as adults, characterized by airway hyperresponsiveness, obstruction, mucus hyperproduction, and airway wall remodeling [1] . Worldwide, asthma is estimated to affect more than 300 million people [2] , with variable prevalence of symptoms and severity in children estimated from 1 % to 37 %, depending on country [3] . The development of childhood asthma is associated with a broad range of factors including genetics, environmental factors, and lifestyle [4] . Guidelines for treatment have been published, but their implementation has been reported to be less than optimal [5] . In addition, many of the commonly prescribed drug treatments for asthma have undesirable side effects [6] , including effects on growth in children by inhaled corticosteroids [7] .
Acupuncture, in the form of traditional Chinese medicine with needles, as well as electroacupuncture, laser acupuncture, and transcutaneous electrical nerve stimulation, has been used for the treatment of asthma. Randomized controlled trials (RCTs) have shown efficacy of acupuncture for the treatment of allergic rhinitis, and some studies have shown positive effects of acupuncture for the treatment of asthma, atopic dermatitis, and itch [8] . In addition, acupuncture plus routine care for the treatment of patients with allergic bronchial asthma has been reported to result in additional costs but better quality of life [9] . However, several meta-analyses, including a Cochrane Review and its update, have shown no consistent evidence of a significant benefit of various forms of acupuncture in terms of efficacy [10] [11] [12] . With respect to children, a recent systematic review assessed the efficacy of laser acupuncture in the treatment of asthma, and reported no compelling evidence for the efficacy of laser acupuncture in children with asthma [13] . The objective of the present systematic review was to assess the efficacy of acupuncture in all forms on the treatment of asthma in children.
Methods
Search strategy, study selection, and data extraction
We searched the MEDLINE, Embase, and Cochrane Library databases up to October 20, 2014 . The following search terms were used: acupuncture, electroacupuncture, transcutaneous electrical nerve stimulation, children, asthma, asthmatic. We also searched reference lists of initially identified articles. The inclusion criteria were as follows: RCTs; study subjects children and adolescents (<18 years of age) with bronchial asthma; treatment with acupuncture, electroacupuncture, laser acupuncture, or transcutaneous electrical nerve stimulation versus sham (placebo, defined as acupoint[s] not considered related to asthma or no laser light emitted) acupuncture or no acupuncture; and reporting of quantitative outcomes of interest. Studies assessing acupuncture combined with other Chinese medicine and those of children with allergic conditions other than bronchial asthma (eg, allergic rhinitis, atopic dermatitis) were excluded. Only English language articles were included.
Data extraction
Data regarding patient characteristics, intervention, and outcome were extracted by two independent reviewers. A third reviewer was consulted for resolution of disagreements. Outcome measures extracted included pulmonary function and quality of life.
Quality assessment
Quality assessment was performed with the Cochrane "assessing risk of bias" table [14] . This assessment includes six domains-random sequence generation, allocation concealment, blinding of patients and personnel, blinding of outcome assessment, incomplete outcome data, and selective reporting risk.
Results
The search process is detailed in Fig. 1 . The search resulted in a total of 102 articles. Seventy of these articles were deemed not relevant, and 32 were assessed for eligibility. A total of 25 articles were excluded for the following reasons: performed in adults and not in children (n = 7), included adults as well as children (n = 12), not acupuncture vs. control (n = 4), acupuncture and control groups not compared (n = 1), and no outcome of interest (n = 1). A total of seven articles were included in the systematic review [15] [16] [17] [18] [19] [20] [21] .
Characteristics of the seven RCTs, including 410 patients, are listed in Table 1 . Four studies assessed traditional acupuncture [15, 16, 20, 21] , and three studies assessed laser acupuncture [17] [18] [19] . The stage of asthma varied, with one study assessing intermittent or mild asthma [18] , one assessing acute bronchial obstruction [17] , two not specifying other than bronchial asthma [15, 16] , and three assessing exercise-induced asthma [19] [20] [21] . With the exception of one study of preschool-age children [15] , patient age was generally in the adolescent range (9-16 years of age), and the gender distribution was balanced in the three studies that reported gender.
Lung parameter outcomes for were reported in six of the seven RCTs (Table 2) , and medication use, symptoms, and quality of life outcomes were reported in three of the seven studies (Table 3 ). The most recent study, by Karlson and Bennicke [15] , assessed the effect of 10 sessions of acupuncture plus ongoing acupressure treatment over a period of 3 months in preschool-age children with asthma (the youngest age group among the studies). The outcome measures of medication use (inhaled steroids [IHS] ) and symptom reduction were measured via diary. The results showed a statistically significant reduction of symptoms (P = 0.0376) and IHS use (P = 0.0005) with acupuncture/ acupressure compared to no acupuncture/acupressure at 3 months; however, this effect was not sustained at a 12-month follow-up (Table 3) .
The study by Scheewe et al. [16] assessed the effect of 12 acupuncture sessions over a period of 4 weeks on bronchial asthma in the inpatient setting. The control group participated in a discussion group. Patients maintained drug therapy throughout. Of the lung function parameters assessed, a statistically significant (P < 0.01) improvement in peak expiratory flow (PEF) variability (calculation information not included in the report) was shown in the acupuncture group vs. the control group (Table 2) . No significant differences between groups were observed with respect to other lung function parameters (ratio of forced exhaled volume in 1 s [FEV 1 ] to forced vital capacity [FVC]; or deltaFEV 1 or maximum expiratory flow at 50 % of FVC [MEF 50 ]) or medication use, symptoms, or qualityof-life variables (Table 3) , although a significant improvement in asthma-specific anxiety level was reported.
The study by Nedeljković et al. [17] assessed the effect of laser therapy applied at acupuncture points in the hand (Su Jok therapy) for a total of 10 sessions over a period of 12 days in the outpatient setting. Subjects continued conservative drug therapy throughout the study period. Lung function parameters (FEV 1 , FVC, and PEF, Table 2 ; as well as forced expiratory flow [FEF] , not shown in Table 2 ) were assessed on Days 0, 5, and 12. The text states that lung function measurements in the acupuncture group returned to normal values by Day 12, whereas those in the control group did not, and that the results obtained in the acupuncture group and control group differed with a high rate of statistical significance. However, no statistical methods are provided or results (ie, SD values, P values) shown. Therefore, it is not possible to determine whether the shown % changes in lung function parameters between groups or at Day 12 vs. Day 0 are indeed significant.
The study by Stockert et al. [18] assessed the effect of 10 treatments of once-weekly laser acupuncture plus probiotic drops three times daily for 7 weeks (the combined regimen referred to as Traditional Chinese Medicine) compared to placebo laser therapy plus placebo drops on intermittent or mild asthma. Of the lung function parameters assessed, a statistically significant (P = 0.034) improvement in PEF variability was shown in the acupuncture group vs. the placebo acupuncture group and also for acupuncture vs. baseline (P = 0.015) ( Table 2) . PEF variability was calculated as follows:
No significant differences between groups were observed with respect to other lung function parameters (FEV 1 ), medication use, or quality-of-life (Table 3) .
The study by Gruber et al. [19] assessed the effects of single sessions of laser and placebo laser therapy applied in random order over two consecutive days (crossover design) on mild to moderate exercise-induced asthma in the outpatient setting, as measured by cold dry air hyperventilation-induced bronchoconstriction. Medications were withheld for 12 (bronchodilator) to 24 (longterm medications) hours before the study. Results showed no statistically significant differences between the laser acupuncture and placebo acupuncture groups in baseline (control), postacupuncture, and 3-and 15-min postinduced bronchoconstriction values (% predicted FEV 1 as well as % predicted MEF 25 ).
The study by Fung et al. [20] assessed the effects of acupuncture and placebo acupuncture on mild to moderate exercise-induced asthma in the outpatient setting. A first weekly session was performed without any acupuncture (control), followed by two weekly sessions of acupuncture or placebo acupuncture in random order applied 20 min before exercise (crossover design). The subjects refrained from the use of any medication 24 h before the study day. Both acupuncture and placebo acupuncture showed statistically significant improvements in lung function parameters (difference in mean percentage fall in FEV 1 , FVC, and PEF) compared to control (P < 0.02 by two-way ANOVA) ( Table 2 ). However, pairwise comparisons showed better improvements in response to acupuncture compared to placebo acupuncture (FEV 1 , P < 0.01; PEF, P < 0.05). The statistical difference in mean percentage fall in FVC between acupuncture and placebo acupuncture groups was not reported.
The study by Chow et al. [21] assessed the effects of acupuncture and placebo acupuncture on exerciseinduced asthma. A first weekly session was performed without any acupuncture (control), followed by two weekly sessions of acupuncture or placebo acupuncture in random order applied 10 min before exercise (crossover design). The subjects refrained from the use of medications for 8-24 h before testing. The results showed no significant differences in FEV 1 between groups ( Table 2) .
Results of quality assessment are shown in Table 4 . All seven studies were RCTs, but the details of randomization were not detailed. One acupuncture study [20] and two laser acupuncture studies [18, 19] were double-blind (patient and technician assessing outcomes) with respect to the type of acupuncture (acupuncture or placebo) performed. One additional study [21] was single-blind (patients were blind to the type of acupuncture performed).
Discussion
The aim of this review was to assess published reports regarding the efficacy of acupuncture for the treatment of asthma in children. The original aim was to perform an updated meta-analysis; however, the quality and presentation of the data in the seven articles were insufficient for [15] indicate a significant effect of acupuncture on medication use and symptoms in younger children. The quality assessment shows that the study quality was not high, with four of the studies being blinded. In addition, the acupuncture points used varied among studies. The presentation of the outcome measures assessed in the seven studies makes it difficult to directly compare results. Whereas six of the seven studies assessed objective lung function (FEV 1 , FVC, PEF), the presentation as PEF variability, FEV 1 /FVC, % fall, % predicted value, and presentation in graphic vs. numeric form prevented direct comparison. Other outcome measures, such as quality of life, anxiety, and respiratory symptoms assessed via visual analog scale, were not consistently reported.
In addition to variable outcome measure presentation, heterogeneity in the acupuncture methods used (type of acupuncture, application placement, depth, time, number of sessions), experimental conditions (induced vs. noninduced asthma), testing environment (inpatient vs. outpatient), and controls (no treatment vs. placebo), may alter conditions sufficiently to mask any real effect of acupuncture in this context. For example, the single sessions used in the study by Gruber et al. [19] may not have been sufficient to elicit an effect. In addition, three of the studies in the present analysis [19] [20] [21] were excluded from a Cochrane review because the asthma assessed was induced [10] . Moreover, the significant but limited beneficial effects reported by Scheewe et al. [16] were obtained in the inpatient environment; the authors suggest that stronger effects might be obtained in the outpatient environment. Finally, the finding of significant effects in response to placebo acupuncture (but less so than in response to acupuncture) in the study by Fung et al. [20] suggest the possibility of a placebo effect, but there is concern that the placebo points used may not be strictly placebo (ie, they may be relevant to asthma) [10] , as well as concern regarding the relevance of the acupuncture points used to treat asthma. It should also be considered that acupuncture might indirectly affect allergic diseases by modulating the production of inflammatory cytokines [22] .
Conclusions
Methodologic variability remains an issue. However, the results suggest that acupuncture may have a beneficial effect with respect to PEF or PEF variability in children with asthma. The efficacy of acupuncture on other outcome measures is unclear. Along with the issues discussed above, limitations of the present review include the small number of included studies, with relatively few patients. Large-scale RCTs using similar methodology and assessing similar outcome measures are needed to further assess the efficacy of acupuncture in the treatment of children with asthma. 
